Study Design. A retrospective comparative cohort study. Objective. To compare return to work (RTW) rates for patients who underwent single-level cervical fusion for radiculopathy compared with fusion for degenerative disc disease (DDD) as an indication for surgery. Summary of Background Data. Studies have shown that workers' compensation subjects have less favorable surgical and functional outcomes compared with the general population. Cervical decompression and fusion have provided great results with relieving radicular symptoms. Fusion for DDD, however, remains controversial. Methods. We retrospectively collected data of 21 169 subjects with cervical comorbidities who filed their claims for workrelated injuries with Ohio Bureau of Workers' Compensation (BWC) between 1993 and 2011. The primary outcome was whether subjects met RTW criteria within 3-year follow-up after fusion. The secondary outcome measures and data on presurgical characteristics and secondary outcomes of each cohort were also collected. Results. Successful RTW status was affected by a number of presurgical risk factors: DDD as an indication for surgery, age of more than 50 years, out of work for more than 6 months, psychological evaluation, opioid use, legal litigation, and permanent disability. The DDD group had lower rate of successful RTW status (50.9%) and was less likely to have a sustained RTW status (odds ratio ¼ 0.61, 95% confidence interval: 0.48-0.79, P ¼ 0.0001) compared with the radiculopathy group (successful RTW rate 62.9%). RTW rate within 1 year after surgery was lower in the DDD group (39.9%) compared with the radiculopathy group (53.1%; P ¼ 0.0001). DDD patients were absent 112 days more on average after surgery compared with radiculopathy patients (P ¼ 0.0003). Conclusion. Cervical fusion for DDD is associated with lower rate of successful RTW status when compared with fusion for radiculopathy in a worker's compensation setting. The decision to include surgical intervention in the management plan of cervical DDD should be approached with caution as the surgical outcome might not necessarily lead to improved postsurgical functionality and achieve sustained early RTW.
W ork-related musculoskeletal disorders (WMSDs) resulting from ergonomic hazards are common in the United States. The Bureau of Labor Statistics (BLS) reported that in 2011 WMSDs accounted for about one-third of occupational injuries and illnesses resulting in time lost from work. 1 Estimates of the economic costs associated with lost work days following injuries are huge. In 2008, 119 000 North Carolina workers reported work-related injuries. Workers' compensation costs in the state exceeded $1.3 billion in 2007. 2 Spinal disorders have a profound effect on workforce and healthcare resources available. The socioeconomic burden Workers who receive compensation from the Bureau of Workers' Compensation (BWC) are considered a high-risk population for WMSDs. Strong evidence suggests that this group has less favorable surgical and functional outcomes compared with the general population. [4] [5] [6] Furthermore, among patients who undergo orthopedic surgical procedures, those receiving workers' compensation (WC) experience a twofold greater risk of a negative outcome. 7 Fusion has become the standard of care for numerous pathologic conditions of the spine over the past 50 years. In the cervical spine, decompression and fusion have provided a greater than 90% likelihood of relieving radicular symptoms and stabilizing or improving myelopathy. 8 On the other hand, although degenerative disc disease (DDD) resulting in axial neck pain without radicular symptoms is usually managed conservatively, the surgical option is considered when the pain is severe and unrelenting to conservative management. 9 In addition, a few studies reported good to excellent outcomes in pain reduction, functional improvement, and patient satisfaction after cervical fusion for DDD. [10] [11] [12] This study aims to compare return to work (RTW) rates as an outcome measure of patients undergoing cervical fusion procedures for different indications and to define the presurgical predictors of RTW status after cervical fusion. The study compares RTW rates between subjects diagnosed with radiculopathy and subjects diagnosed with DDD, axial pain without radiculopathy, and who underwent single-level cervical fusion. To our knowledge, this is the first study to look at RTW rate differences between subjects with different indications for single-level cervical fusion in a workers' compensation setting.
MATERIALS AND METHODS

Study Design
Data were retrospectively collected for cervical comorbidities of 21 139 subjects who filed their claims with BWC between 1993 and 2011 after work-related injuries. A population of 5303 subjects who underwent cervical fusion surgery was identified. Of those, 3170 subjects were identified who underwent single-level cervical fusion using a combination of Current Procedural (CPT) codes [anterior fusion (22554), posterior fusion (22600), and anterior cervical discectomy and fusion (ACDF) (22551)]. From the single-level fusion population, subjects with documented indications for surgery were identified using an algorithm of ICD-9 codes. A group of 1927 subjects was identified who had documented cervical radiculopathy before single-level cervical fusion and had a 3-year follow-up after surgery. This group included all subjects with ICD-9 codes assigned for cervical DDD plus additional ICD-9 codes for associated cervical radicular comorbidities. A group of 281 subjects was identified who had documented DDD as an indication for single-level cervical fusion and had a 3-year follow-up after surgery. This group included all subjects with ICD-9 codes for cervical DDD only (no other associated cervical comorbidities).
We excluded subjects who had less than 3 years of followup or had positive smoking history (identified with ICD-9 codes and/or the use of prescription smoking deterrents). We also excluded subjects who underwent multilevel cervical fusion, had a history of cervical surgery before their index fusion, or underwent single-level cervical fusion for different indications (myelopathy, trauma, tumor/metastatic disease, etc.).
Outcomes
The primary outcome of the study was RTW status. RTW criteria outlined by Anderson et al. 13 were used to identify subjects with ''successful'' RTW. The successful RTW status was considered as a positive indicator of successful surgical outcome. Subjects were considered to have successfully returned to work, if they maintained continuous stable ''atwork'' status for at least 6 months within 3 years after surgery.
A number of secondary outcomes were measured: RTW rates within the first year after surgery; days absent from work after surgery; new legal litigations after surgery; new permanent disability awarded; surgical complications [failed surgery (nonunion, pseudarthrosis), reflex sympathetic dystrophy, dysphagia, vocal cord paralysis, and surgical site complications]; and additional major cervical surgeries -CPT codes for Single-level cervical fusion.
-ICD-9 codes for cervical DDD.
-ICD-9 for cervical DDD + radiculopathy codes.
-Follow-up period: at least 3 years after fusion.
Radiculopathy Cohort
1,927 subjects identified had ICD-9 codes for cervical radiculopathy
DDD Cohort
281 subjects identified had ICD-9 codes for cervical DDD
18,931 subjects EXCLUDED:
-Positive smoking history.
-No surgery.
-Multi-level surgery.
-Surgery for different indications.
-Less than 3 years of follow-up after fusion. 
Analysis
A multivariate logistic regression analysis was utilized. The dependent variable was whether RTW criteria were met. We corrected for a number of independent variables: radiculopathy, DDD, age of more than 50 years at the time of fusion, gender, preoperative opioid use, cervical fusion type, if subjects had psychological evaluation, if subjects had legal representation within 2 years, if subjects were awarded permanent disability benefits, if subjects were out of work for more than 6 months before surgery, if instrumentation was used, if an autograft was used, and if subjects had discography before surgery were included in the regression model. We used x 2 tests to compare binary and categorical variables and t-tests to compare continuous variables between the two cohorts. P < 0.05 was considered statistically significant. For all analyses, we used STATGRAPHICS Centurion XVI software (Statpoint Technologies, Inc., Warrenton, VA). We performed this study at University Hospitals Case Medical Center in Cleveland, Ohio, USA. All data were collected in 2014 from the Ohio BWC's database.
RESULTS
Predictors of RTW Status
In the regression model looking at factors that affected RTW status in the study population, DDD as an indication for surgery [odds ratio (OR) ¼ 0.72, 95% confidence interval Table 1 .
In the radiculopathy group, RTW status was significantly affected by age of more than 50 years at the time of surgery, preoperative psychological evaluation, preoperative opioid use, and awarded permanent disability (Table 1) .
In the DDD group, being absent from work for more than 6 months before surgery, preoperative psychological evaluation, preoperative opioid use, and awarded permanent disability were negative factors affecting successful RTW status (Table 1) .
Meet RTW Criteria
Overall, RTW criteria were met in 2001 out of 3170 (63%) patients who underwent single-level fusion. RTW criteria were met in 1212 (62.9%) patients with radiculopathy compared with 143 (50.9%) patients with DDD within 3-year follow-up after surgery (P ¼ 0.0001). Patients with DDD were less likely to meet RTW criteria compared with subjects with radiculopathy (OR ¼ 0.61, 95% CI: 0.48-0.79).
RTW rate within the first year after fusion was (39.9%) for the DDD cohort compared with 53.1% for the radiculopathy cohort. The difference was statistically significant (P ¼ 0.0001). Patients with DDD were less likely to RTW within the first year after surgery compared with subjects with radiculopathy (OR ¼ 0.59, 95% CI: 0.45-0.76). 
Days Absent From Work
Of the patients returned to work, the average of days absent from work was 37 days higher in the DDD group compared with the radiculopathy group (P ¼ 0.027). See Figure 2 for more details about days absent from work for subjects who met RTW criteria. When including all patients (not only subjects who met RTW criteria) of each group in the calculation, the average of days absent in the DDD cohort was 112 days higher compared with the radiculopathy cohort (P ¼ 0.0003). See Figure 3 for more details. Table 2 summarizes secondary outcomes in each cohort. Both groups had similar reoperation rate at about 12%. The radiculopathy group had higher new legal litigation case rate after surgery compared with the DDD group (P ¼ 0.0003). On the other hand, the DDD group had higher rate of newly awarded permanent disability after surgery compared with the radiculopathy group (P ¼ 0.0003). Table 3 summarizes each cohort characteristic before fusion.
DDD patients were on average 3 years older at the time of surgery, had higher rate of out of work for more than 6 months before surgery, higher rates of psychological care access (psychological evaluations and psychotherapy), higher rate of opioid prescription use, more legal litigations within 2 years, and higher rate of awarded permanent disability before surgery compared with radiculopathy subjects. Table 4 offers surgical details.
DISCUSSION
There is an abundance of research regarding RTW. The concept of RTW is, however, still not well defined.
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While most studies simply report RTW date as an indication of successful RTW, evidence shows a first RTW after an injury is frequently followed by one or more recurrences of work absence, making a focus on first RTW a limited and potentially misguiding index of RTW outcomes, and one that does not address the important issue of sustainability. 18 Therefore, structuring criteria of successful RTW may offer a more reliable and accurate predictor for interventional measures and management options for occupational injuries especially in a workers' compensation setting. The RTW criteria implemented in this study dictate that a successful RTW was considered if patients returned to work and sustained a continuous at-work status for at least 6 months in a 3-year follow-up period after surgery. Work status, pain, and functional limitations indices are among the main outcome measures used in the literature to report surgical outcomes in spine research. Although these indices are related, they are not equivalent and should not be considered as interchangeable. Dionne et al. reported that decline in work status was poorly associated with pain and functional limitation score change. 19 We demonstrated that patients who underwent singlelevel cervical fusion for DDD met RTW criteria or ''successfully RTW'' at lower rate compared with patients with radiculopathy. They were also less likely to RTW and have sustained at-work status within 3 years after surgery and those who successfully RTW had more days absent from work compared with patients with radiculopathy. This impact was also found to be significant when comparing RTW rate within the first year after surgery.
RTW status after cervical fusion was variably reported in the literature. Most studies have, however, shown higher rates of RTW in patients of the general population compared with patients with workers' compensation. Wong et al. reported a RTW rate of 83% after fusion for radiculopathy within the next 2 to 3 years after surgery. In their study, WC subjects did worse than the control group. 20 In general, evidence shows that cervical fusion can be an excellent intervention to relieve radicular symptoms or myelopathy with more than 90% symptomatic relief. On the other hand, few studies advocated for the use of cervical fusion for the indication of DDD/radiculopathy and reported good to excellent outcomes in pain reduction [visual analog scales (VAS)] and improved functionality [Oswestry functional capacity evaluations (OSW)], and high patient satisfaction after surgery. [10] [11] [12] Patients with radiculopathy typically have, however, more pronounced clinical and radiological signs that give clear indication for surgery, as opposed to patients 
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Return to Work Rates Faour et al with axial neck pain without radicular symptoms that traditionally exhaust all other conservative treatment strategies before they consider the surgical option. Thus, a complete understanding of the disease process and the appropriate setting for the expectations of surgical outcomes should be the base of communication between the physician and the patients when the surgical option is considered especially in a workers' compensation setting where the goal for management should focus more on return to functionality rather than achieving a completely asymptomatic state. 9 This pilot study has limitations. The study has retrospective observational design using data from the BWC. Similar studies have, however, reported valuable outcomes using similar data (Anderson et al. on outcomes of lumbar fusion for DDD vs. spondylolisthesis). 13 Moreover, many studies claimed that administrative data can be used with a reasonable precision for studying work injuries and their outcomes. Wang et al. used ICD9-CM and CPT codes to identify cervical spine procedures and indications for surgery and then compared them with their corresponding operative notes. They found that identification of cervical procedures had high sensitivity and specificity for fusion (>95%). 21 Oleinick and Zaidman found that due their size, statewide workers' compensation administrative databases can have substantial utility for the study of work injuries and their correlated days absent from work. 22 Also, we did not have enough data to assess the type of work subjects had before and after the surgery and whether certain accommodations were made by employers to facilitate RTW.
In conclusion, successful RTW status is affected by a number of factors in a workers' compensation setting. Cervical fusion for DDD without radiculopathy was a significantly negative indicator of successful RTW status. In patients with mechanical back or neck pain without radicular symptoms, surgery should only be considered after conservative measures have been exhausted and a radiographic abnormality is present at the symptomatic level. Further studies should ascertain the negative correlation between RTW status and DDD, investigate further treatment options of DDD, and optimize patient selection criteria when patients with DDD are considered for surgical intervention.
Key Points
Evidence supports the claim that subjects receiving workers' compensation benefits have less favorable surgical and functional outcomes compared with the general population. We aimed to look at RTW rates as a primary outcome to compare the success of cervical fusion for the different indications of surgery. While many studies supported the use of singlelevel cervical decompression and fusion for relieving radiculopathy symptoms, the use of the procedure to treat DDD resulting in axial pain with radicular symptoms remains controversial.
When comparing RTW status for subjects who underwent single-level cervical fusion, patients who underwent fusion for DDD met our RTW criteria at a lower rate within 3-year follow-up after surgery, had lower RTW rate within 1 year after surgery, and were less likely to have a sustained RTW status compared with patients with radiculopathy. RTW status was negatively affected by fusion for DDD, age of more than 50 years at the time of surgery, absence from work for more than 6 months before surgery, receiving psychological evaluation, preoperative opioid use, legal representation before surgery, and awarded permanent disability benefits before surgery. The study concluded that the expectations of cervical fusion for different indications in a workers' compensation setting should focus on return to functionality rather than achieving a completely asymptomatic state. Further studies should investigate further treatment options of DDD and optimize patient selection for undergoing cervical spine surgeries.
